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(54) [Title of Invention] Non-Aqueous Electrolyte Secondary Battery 
(57) [Abstract] 

[Problem] To provide a large secondary battery at a low cost having 
excellent charging and discharging characteristics. 

[Solution] A non-aqueous electrolyte secondary battery comprising a 
positive electrode active material whose main component is an iron complex 
oxide containing an alkali metal (A) expressed by the general formula AyFeX0 4 
(where A is an alkali metal, X is an element belonging to Group IV-VII in the 
periodic table and 0 < y < 2), a negative electrode active material capable of 
absorbing, storing and releasing alkali metals, alkali earth metals and ions 
thereof, and an electrolyte allowing the alkali metal ions to migrate so as to 
generate an electrochemical reaction with the positive electrode active material 
or the negative electrode active material. 

[Claims] 

[Claim 1] A non-aqueous electrolyte secondary battery comprising a 
positive electrode active material whose main component is an iron complex 
oxide containing an alkali metal (A) expressed by the general formula AyFeX0 4 
(where A is an alkali metal, X is an element belonging to Group IV-VII in the 
periodic table and 0 < y < 2), a negative electrode active material capable of 
absorbing, storing and releasing alkali metals, alkali earth metals and ions 
thereof, and an electrolyte allowing the alkali metal ions to migrate so as to 
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generate an electrochemical reaction with the positive electrode active material 
or the negative electrode active material. 

[Claim 2] The non-aqueous electrolyte secondary battery in claim 1, 
wherein the alkali metal (A) expressed by the general formula AyFeX0 4 contains 
at least one element from Group Va or Group Vb in the periodic table as X. 

[Claim 3] The non-aqueous electrolyte secondary battery in claim 1, 
wherein the alkali metal (A) expressed by the general formula AyFeX0 4 is an 
olivine with a hexagonal close-packed oxygen structure, a spinel with a cubic 
close-packed oxygen structure, or a reverse spinel. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to a non- 
aqueous electrolyte battery, more specifically to a non-aqueous electrolyte 
secondary battery that can be charged and discharged, and even more 
specifically to a non-aqueous electrolyte secondary battery with an improved 
positive electrode active material for increasing the charging and discharging 
capacity of the battery. 

[0002] 

[Prior Art] In non-aqueous electrolyte batteries that use alkali metals such 
as lithium or their alloys and compounds as the negative electrode active 
material, an insertion or intercalation reaction of the negative electrode metal 
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ions with the positive electrode active material provides both large-scale 
discharge capacity and charging reversibility. Among the secondary lithium 
batteries using lithium as the negative electrode active material, a battery has 
been proposed with a laminar or tunnel-shaped metal oxide as the positive 
electrode. These metal oxides (V 2 0 3 , LiCo0 2 and LiNi0 2 ) are able to serve as 
the intercalation host for the lithium. However, these batteries require rare 
metals at the end of the cracks in the main metal. As a result, the cost is 
prohibitive. 

[0003] 

[Problem Solved by the Invention] The purpose of the present invention 
is to solve the current problems by providing a large secondary battery at a low 
cost having excellent charging and discharging characteristics. 

[0004] 

[Means of Solving the Problem] The present invention is a non-aqueous 
electrolyte secondary battery comprising a positive electrode active material 
whose main component is an iron complex oxide containing an alkali metal (A) 
expressed by the general formula AyFeX0 4 (where A is an alkali metal, X is an 
element belonging to Group IV-VII in the periodic table and 0 < y < 2), a negative 
electrode active material capable of absorbing, storing and releasing alkali 
metals, alkali earth metals and ions thereof, and an electrolyte allowing the alkali 
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metal ions to migrate so as to generate an electrochemical reaction with the 
positive electrode active material or the negative electrode active material. 

[0005] 

[Embodiment of the Invention] What follows is a detailed explanation of 
the present invention. The olivine compounds, spinel compounds and reverse 
spinel compounds have a compositional formula of ABC0 4 . The difference 
between an olivine structure and a spinel or reverse spinel structure is that an 
olivine has a hexagonal close-packed oxygen structure and a spinel or reverse 
spinel has a cubic close-packed oxygen structure. The stability of both types of 
structure depends on the elements used for A and X. For example, LiFeP0 4 has 
a stable olivine structure while LiFeV0 4 has a stable reverse spinel structure. 
In all cases, the positive electrode active material of the present invention, 
LiFeX0 4 , has element X positioned at a tetrahedron site and the alkali metal A 
positioned at a hexahedron site. In the positive electrode active material of the 
present invention, the sites are expressed as {X} • [AyFe] 0 4) where {...} 
indicates a tetrahedron site and [...] indicates a hexahedron site. Here, element 
X is one or more elements from Group Va or Group Vb of the periodic table such 
as V, P, As, Sb or Bi. Because the olivine phase and spinel phase of AyFeX0 4 
prevents the oxidation of iron with a valence of 3 when mixed with a lithium 
compound, iron compound or aluminum salt of element (X), it can be easily 
synthesized by performing sintering in a nitrogen gas flow. Any synthesis 
method can be used. If performed in a reduced atmosphere, a hydrogen gas 
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flow and carbon powder can be used. When forming a positive electrode using 
the positive electrode active material, a mixture of the compound powder and a 
bonding agent powder such as polytetrafluoroethylene is compacted on the 
surface of a stainless steel support structure. A conductive powder such as 
acetylene black can be added to give the powder mixture conductive properties. 
If necessary more bonding agent powder such as polytetrafluoroethylene can be 
added and the powder mixture can then be placed in a metal container and 
compacted on the surface of a stainless steel support structure. An organic 
solvent can also be added to the powder mixture to create a slurry, and the 
slurry can then be applied to the surface of a metal plate. 

[0006] 

The lithium negative electrode active material is in sheet form like most 
lithium batteries. Here, the sheet is pressed into a conductive mesh made of 
nickel or stainless steel to complete the negative electrode. In addition to 
lithium, lithium alloys and lithium compounds, any other chargeable and dis- 
chargeable material that can absorb and store ions from alkali metals, alkali 
earth metals can be used. These include sodium, potassium, magnesium and 
carbon materials. The electrolyte is a non-aqueous electrolyte or solid 
electrolyte in which a Lewis acid containing alkali metal ions is dissolved in 
dimethoxyethane, 2-methyltetrahydrofuran, ethylene carbonate, methyl formate, 
dimethyl sulfoxide, propylene carbonate, acetonitrile, butyrolactone, dimethyl 
formamide, dimethyl carbonate, diethyl carbonate, sulfolane and ethyl methyl 
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carbonate. The materials used to construct the separator, battery cases and 
other components are the same as the prior art. There are no other restrictions 
on the construction of the battery. 

[0007] 

[Working Examples] The following is a detailed explanation of the 
method of the present invention with reference to the working examples. 
The present invention is by no means limited to these working examples. 
In the working examples, the batteries were constructed and tested in a dry box 
containing argon gas. 

[0008] Working Example 1 

FIG 1 is a cross-sectional view of the configuration of the coin-type 
battery in a working example of the present invention. Here, 1 denotes a sealed- 
opening base, 2 denotes a gasket, 3 denotes a positive electrode case, 4 
denotes a negative electrode, 5 denotes a separator, and 6 denotes a positive 
electrode bonding pellets. The positive electrode material is UFeP0 4 obtained 
by performing the reaction expressed by Formula 1 on lithium carbonate, iron 
oxalate dihydrate and diammonium phosphate. The proper amounts were mixed 
together and sintered for several days at 800°C in a nitrogen gas flow. 



7 



[0009] 

[Formula 1] Reaction Formula: Li 2 C0 3 + 2FeC 2 0 4 2H 2 0 + 2(NH 4 ) 2 HP0 4 -> 
2LiFeP0 4 + 4NH 3 + 5C0 2 + 5H 2 0 + 2H 2 

[0010] 

An X-ray analysis of the powder samples is shown in FIG 2. In other 
words, FIG 2 is an X-ray analysis of the LiFeP0 4 in a working example of the 
present invention. In FIG 2, the vertical axis indicates the intensity of the X-ray 
analysis (arbitrary units) and the horizontal axis indicates 29 (°). The X-ray 
analysis patterns for LiCoP0 4 , LiNiP0 4 and LiMnP0 4 are the same, indicating an 
orthorhombic olivine structure (JCPDS # 40-1499) (triphylite). This is sample (a). 
Sample (a) was pulverized into a powder, mixed with a conductive agent 
(acetylene black) and a bonding agent (polytetrafluoroethylene) and rolled to 
form positive electrode bonding pellets 6 with a thickness of 0.5 mm and a 
diameter of 15 mm. Next, a lithium metal negative electrode 4 was pressed down 
on the stainless steel sealed-opening base 1, and inserted into the groove in the 
polypropylene gasket 2. A porous polypropylene separator 5 and the positive 
electrode bonding pellets 6 were placed successively on the negative electrode 
4, and impregnated with a single solution electrolyte consisting of LiPF 5 dissolved 
in a single polypropylene carbonate solvent. This was covered with a stainless 
steel positive electrode case 3 to complete a coin-shaped lithium battery with a 
thickness of 2 mm and a diameter of 23 mm. 
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[001 1] Working Example 2 

The positive electrode active material was obtained by performing the 
reaction expressed by Formula 2 on lithium carbonate, iron oxalate dihydrate 
and ammonium vanadate. The proper amounts were mixed together and 
sintered for two weeks at 600°C in a nitrogen gas flow. 

[0012] 

[Formula 2] Reaction Formula: Li 2 C0 3 + 2FeC 2 0 4 2H 2 0 + 2NH 4 V0 3 -> 2LiFeV0 4 
+ 2NH 3 + 5C0 2 + 3H 2 0 + 2H 2 

[0013] 

An X-ray analysis of the powder samples is shown in FIG 3. In other 
words, FIG 3 is an X-ray analysis of the LiFeV0 4 in a working example of the 
present invention. In FIG 3, the vertical axis and the horizontal axis are the 
same as FIG 2. The X-ray analysis patterns for LiCoV0 4 (JCPDS # 38-1396) 
and LiNiV0 4 (JCPDS # 38-1395) are the same, indicating a cubic reverse spinel 
structure. This is sample (b). A coin-shaped lithium battery was manufactured 
in the same manner as the first working example except that LiFeV0 4 was used 
as the positive electrode active material. 
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[0014] Working Example 3 

The positive electrode active material was obtained by performing the 
reaction expressed by Formula 3 on lithium carbonate, iron oxalate dihydrate, 
ammonium vanadate and diammonium phosphate. The proper amounts were 
mixed together and sintered for several days at 600°C in a nitrogen gas flow to 
obtain LiFeV0.5P0.5O4. 

[0015] 

[Formula 3] Reaction Formula: Li 2 C0 3 + 2FeC 2 0 4 2H 2 0 + NH4VO3 + (NH 4 ) 2 HP0 4 
-> 2LiFeV0.5P0.5O4 + 3NH 3 + 5C0 2 + 4H 2 0 + 2H 2 

[0016] 

This is sample (c). A coin-shaped lithium battery was manufactured in the 
same manner as the first working example except that LiFeV0.5P0.5O4 was used 
as the positive electrode active material. 

[0017] Comparative Example 1 

In order to demonstrate the effect of the present invention, Y-Fe 2 0 3 , the 
iron oxide most often used as the positive electrode active material in the prior 
art, is sample (d). This was used to manufacture a coin-shaped lithium battery in 
the same manner as the first working example. Table 1 shows the discharge 
capacity for 1 V after an initial 5.3 V charge at an electric current density of 0.25 
mA/cm 2 for batteries using sample (a) (Working Example 1), sample (b) 
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(Working Example 2), sample (c) (Working Example 3) and sample (d) 

; i 

(Comparative Example 1 ) as the positive electrode active material. \ 

\ 



[0018] [Table 1] 
Table 1 



Compositional 
Formula 


3 V Final Discharge 
Capacity 


2.5 V Final Discharge 
Capacity 


2 V Final Discharge 
Capacity 


LiFePCU 


5 mAh 


5.9 mAh 


6.9 mAh 


LiFeV0.5P0.5O4 


5 mAh 


5.9 mAh 


6.6 mAh 


LiFeV0 4 


5 mAh 


5.5 mAh 


6.3 mAh 


Fe 2 0 3 


2 mAh 


3.3 mAh 


7.1 mAh 



[0019] 

The discharge curves for samples (a), (b) and (c) resemble each other. 
The discharge curve for sample (a) with an electric current density of 0.25 
mA/cm 2 after an initial 5.3 V charge is shown in FIG 4, and the discharge curve 
for sample (d) with an electric current density of 0.25 mA/cm 2 after an initial 
charge is shown in FIG 5. In other words, FIG 4 is a graph showing the initial 
discharge curve of LiFeP0 4 in a working example of the present invention after 
an initial 5.3 V charge, and FIG 5 is a graph showing the initial discharge curve 
of Fe 2 0 3 in a comparative example of the present invention. In FIG 4 and FIG 5, 
the vertical axis denotes the battery voltage (V) and the horizontal axis denotes 
the charge and discharge time (hr). As an example of cycle reversibility in the 
present invention, the charge and discharge curve for a single test cycle for 
sample (a) is shown in FIG 6. Here, the electric current density is 0.25 mA/cm 2 
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and the voltage is restricted to 5.3 V ~ 2.5 V. In other words, FIG 6 is a graph 
showing the charge and discharge curves of LiFeP0 4 in a working example of 
the present invention when voltage restriction testing is performed in a range 
between 5.3 V and 2.5 V. The vertical axis and horizontal axis in FIG 6 are the 
same as FIG 4. As shown in Table 1, FIG 4 and FIG 5, the LiFeX0 4 materials 
of the present invention have discharge voltages that are the same or higher 
than the iron oxide positive electrode material y-Fe 2 0 3 of prior art, but the 
materials of the present invention are less expensive. Moreover, the final 
discharge capacity at 2.5 V is twice that of Y-Fe 2 0 3 . As shown in FIG 6, the 
present invention also has a high voltage component with good cycle properties. 

[0020] 

[Effect of the Invention] As explained above, the present invention is a 
large, low-cost non-aqueous electrolyte secondary battery with a wide range of 
applications. The battery of the present invention should be useful in a variety 
of different fields. 

[Brief Explanation of the Drawings] 

[FIG 1] A cross-sectional view of the configuration of the coin-type 
battery in a working example of the present invention. 

[FIG 2] An X-ray analysis of the LiFeP0 4 in a working example of the 
present invention. 
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[FIG 3] An X-ray analysis of the LiFeV0 4 in a working example of the 
present invention. 

[FIG 4] A graph showing the initial discharge curve of LiFeP0 4 in a 
working example of the present invention after an initial 5.3 V charge. 

[FIG 5] A graph showing the initial discharge curve of Fe 2 0 3 in a 
comparative example of the present invention. 

[FIG 6] A graph showing the charge and discharge curves of UFeP0 4 in 
a working example of the present invention when voltage restriction testing is 
performed in a range between 5.3 V and 2.5 V. 



[Keys to Drawings] 

1 ... sealed-opening base 

2 ... gasket 

3 ... positive electrode case 

4 ... negative electrode 

5 ... separator 

6 ... positive electrode bonding pellets 



[FIG 1] 

1 ... sealed-opening base 

2 ... gasket 

3 ... positive electrode case 

4 ... negative electrode 

5 ... separator 

6 ... positive electrode bonding pellets 
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[FIG 2] 

Intensity of X-Ray Analysis 
Triphylite 

[FIG 3] 

Intensity of X-Ray Analysis 
[FIG 4] 

Charge Pause Discharge 
[horizontal axis] Charge and Discharge Time (hr) 
[vertical axis] Battery Voltage (V) 

[FIG 5] 

Charge Pause Discharge Pause Charge 

[horizontal axis] Charge and Discharge Time (hr) 
[vertical axis] Battery Voltage (V) 



[FIG 6] 

Discharge Pause Charge Pause 
[horizontal axis] Charge and Discharge Time (hr) 
[vertical axis] Battery Voltage (V) 



Discharge 
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